Background: chronological age is widely used as a marker of frailty in clinical practice. However there can be wide variation in frailty between individuals of a similar age. Grip strength is a powerful predictor of disability, morbidity and mortality which has been used in a number of frailty scores but not as a single marker of frailty. Objective: to investigate the potential of grip strength as a single marker of frailty in older people of similar chronological age. Design: cross-sectional study with prospective collection of mortality data. Setting: North Hertfordshire, UK. Subjects: 717 men and women, aged 64-74, born and still living in North Hertfordshire, who took part in a previous study to investigate the relationship between size at birth and ageing processes in later life. Methods: the number of signiWcant associations between grip strength and the ageing markers was compared with numbers between chronological age and the ageing markers. Results: in men, lower grip strength correlated signiWcantly with ten ageing markers compared to chronological age which was signiWcantly associated with seven. In women, there were six signiWcant relationships for grip compared to three for age. The greater number of relationships between grip strength and ageing markers was not explained by the association between grip strength and age, and remained after adjustment for adult size. Conclusions: grip strength was associated with more markers of frailty than chronological age within the narrow age range studied. Grip strength may prove a more useful single marker of frailty for older people of similar age than chronological age alone. Its validity in a clinical setting needs to be tested.
Introduction
Chronological age and frailty are closely related and age in years is frequently used as a marker of frailty in clinical practice. However there can be wide variation in frailty between individuals of a similar age and the ability to distinguish them using chronological age is limited. Alternative markers of frailty have been sought and a number of scores have been developed for use in the research setting [1] , but there is no single widely accepted score and their complexity has precluded their use in routine clinical practice.
Grip strength is included in many of these scores. Loss of grip strength is strongly associated with increasing chronological age [2] but, independent of this relationship, it appears to be a powerful predictor of disability, morbidity and mortality. Lower grip strength is associated with incident as well as prevalent disability, suggesting that age-related loss of muscle mass and volitional muscle strength can be a cause as well as a consequence of physical disability [3] [4] [5] [6] . Studies looking at the inXuence of grip strength on morbidity have focused on musculoskeletal disorders, for example higher muscle strength is related to increased bone mass and lower risk of fracture [7, 8] . However the most striking association is with future mortality. Grip strength in mid-life [9] and later years [10] predicts long-term survival.
These associations suggest that grip strength may be a good marker of frailty [11] . We compared the use of grip strength and chronological age as single markers of frailty using data from a study of ageing in older people aged 64-74 years.
Methods
Between 1994 and 1995 a community sample of 717 men and women aged 64-74 years participated in a study designed to investigate whether rates of ageing were associated with growth in early life [12] . Ethical approval for the study was obtained from the North Hertfordshire Local Research Ethics Committee. Four trained research nurses carried out home visits and obtained a detailed medical and social history. Blood pressure was also measured during the visit. Following this, subjects were invited to attend a clinic for anthropometry, including height and weight, and assessment of ageing markers in different body systems.
Grip strength was measured using a Harpenden dynamometer [13] and skin thickness determined by ultrasound [14] . A simple tooth count was carried out after removal of any dentures. Hearing acuity was determined using pure-tone manual audiometry and cognitive function was assessed with the AH4 IQ test. The detailed eye examination included measurement of distance visual acuity with a Bailey-Lovey logMAR chart [15] and determination of intra-ocular pressure using a Perkins applanation hand-held tonometer [16] . Slit lamp examination allowed grading of nuclear lens opacity with the LOCSIII system [17] and clinical classiWcation of agerelated macular degeneration. Blood investigations included haemoglobin, creatinine, albumin and alkaline phosphatase levels.
Using the National Health Service Central Register, the study participants were followed up for 4 years 10 months until the end of 1999 and information on deaths collected. Cause of death was classiWed according to the International ClassiWcation of Diseases (9th revision).
Statistical analysis
Skewed variables were log e transformed to normal distributions for analysis. The characteristics of the subjects were initially described using means and standard deviations, and tabulations of frequency and percentage distributions. Correlation and regression analyses were then used to investigate the relationship between age, grip and each of the ageing markers. Linear regression models were used for continuously distributed ageing markers, and logistic regression models for markers with binary or ordinal distributions. The associations with all cause mortality were determined using Cox's proportional hazards model. A series of hierarchical analyses was carried out for each ageing marker. Firstly the univariate relationship between grip strength and each ageing marker was explored. Secondly, the univariate relationship between chronological age and each ageing marker was considered. Finally, grip and age were considered simultaneously in relation to each ageing marker. In this way, the independent mutually adjusted relationships between grip and age and each marker of ageing were assessed. The 5% signiWcance level was used to identify signiWcant associations. Analyses were repeated using a measure of grip strength adjusted for height. Men and women were analysed separately throughout. All statistical analyses were carried out using Stata, release 7.
Results
The study sample comprised 411 (57%) men and 306 (43%) women. There was no difference in the average age of the men and women (mean 67.5 years) but grip strength was substantially higher in men (mean 38.3 kg, SD 7.1 kg) than women (mean 22.5 kg, SD 5.3 kg, P < 0.0001 for difference). The other major associations with grip strength were age and current size. Grip strength decreased with increasing age (r = − 0.18, P = 0.002 men, r = − 0.18, P = 0.001 women) and lower height (r = 0.29, P < 0.0001 men, r = 0.19, P = 0.0007 women). The associations between grip strength, chronological age and markers of ageing in different body systems for men and women are described in Tables 1 and 2. In men, lower grip strength correlated signiWcantly with ten ageing markers in univariate analyses: decreased cognitive function, increased lens opacity, higher hearing threshold, poorer visual acuity, lower haemoglobin, higher alkaline phosphatase, fewer teeth, increased risk of walking problems, self-reported generalised arthritis and fracture. This compared with chronological age which was signiWcantly associated with seven of the recognised markers of ageing in this group: cognitive function, lens opacity, hearing threshold, visual acuity, haemoglobin, number of teeth and fracture after age 50. After adjustment for chronological age, grip strength remained signiWcantly associated with all the same markers of ageing except hearing threshold and number of teeth, demonstrating that the associations between grip strength and a wide range of markers of ageing were not explained by grip being related to age.
Univariate analyses for women identiWed six signiWcant correlations with lower grip strength: decreased cognitive function, thinner skin, higher hearing threshold, increased risk of walking problems, self-reported myocardial infarction and generalised arthritis. Chronological age was associated signiWcantly with three of the ageing markers: cognitive function, lens opacity and visual acuity. Grip strength was no longer associated with cognitive function after adjustment for chronological age but the Wve other correlations remained.
The relationship between grip strength, chronological age and all cause mortality was also investigated. Thirtyseven men and 15 women had died during the 4 year 10 month follow-up period. The all cause mortality rate was higher for men than women (hazard ratio 1.88, 95% CI 1.03, 3.43, P = 0.04). In the men, grip strength was signiWcantly correlated with all cause mortality. This was not seen in the women. Chronological age, within the 10-year age range tested, was not related to all cause mortality in the men or women.
In view of the known strong associations between grip strength and adult size, the analyses were repeated after adjustment for height (Tables 3 and 4 ). The pattern of associations remained similar suggesting that grip, independent of adult size, was associated with a wide range of ageing markers including all cause mortality in the men.
Discussion
We have demonstrated that grip strength is signiWcantly associated with more markers of frailty than chronological age in a group of older men and women within a 10-year age range. It is unlikely that loss of grip strength lies on the Wnal common pathway for biological ageing although the recent Wnding reported in Nature that nematode ageing is also associated with gradual, progressive deterioration of muscle suggests that this is a species-wide ageing phenomenon [18] . The wide range of associations with ageing in other systems is more likely to reXect that loss of grip strength is a particularly speciWc marker of the underlying ageing processes because of the rarity of muscle-speciWc diseases contributing to change in muscle function. Ageing markers are deWned by their relationship to chronological age over a lifespan, yet we demonstrated that a number of the markers used and all cause mortality were not related to chronological age in this study. This reXects the fact that variation in frailty between individuals of a similar age can be greater than that associated with differences over a 10-year age span and highlights the difWculties of using chronological age to differentiate such people. Table 1 . Grip strength and age in relation to markers of ageing in men a Univariate Pearson correlation coefWcients for each continuously distributed characteristic in relation to grip, and separately in relation to age. b Partial correlation coefWcients for each continuously distributed characteristic in relation to grip and age simultaneously, together with the percentage R 2 statistic from a regression model of the characteristic on grip and age simultaneously. c Univariate odds ratios for each binary characteristic in relation to grip, and separately in relation to age. d Mutually adjusted odds ratios from logistic regression models for each binary characteristic in relation to grip and age simultaneously, together with the percentage pseudo R 2 statistics for these models. e Odds ratios for a worse outcome, and model percentage pseudo R 2 statistics, obtained from ordinal logistic regression models as number of teeth and walking problems were analysed as ordinal variables. f Univariate and mutually adjusted hazard ratios for mortality risk from Cox Proportional Hazards models and model deviance. There are limitations to our study that require consideration. Grip strength is strongly associated with current size as well as age. However, grip remained signiWcantly associated with the markers of frailty even after adjustment for age and current height. Grip strength was not associated with mortality in the women but there were few deaths among the women, and there was probably insufWcient power to detect this relationship in the relatively short follow up period. We identiWed signiWcant correlations between grip strength and a number of ageing markers but the proportion of variance explained by the models was small. Nevertheless it was of similar magnitude to the proportion of variance explained by the models including chronological age which has established relationships with the ageing markers chosen. The proportion of variance explained in regression models is often small because of unmeasured and unmeasurable sources of variation. Therefore the relationships demonstrated between grip strength and ageing in a number of systems may be meaningful and explain the well-documented links between grip strength and disability, morbidity, and mortality.
The limitations of chronological age as a predictor of frailty are often overlooked in the clinical setting where age alone is used to guide management decisions. In recognition of this, the Wrst standard in the recent National Service Framework for Older People focuses on rooting out age discrimination [19] and in the Reith Lectures, Tom Kirkwood suggested that we should 'get rid of age from the medical record altogether and let the patient's biological state speak for itself' [20] . However, quantifying frailty, or the closely related concept of biological age, remains problematic and scores that have been developed for this purpose are rarely used outside the research setting. The Wndings from this study suggest that grip strength could be a more useful single marker of frailty for people of a similar age than chronological age alone. Perhaps it is now time for its validity to be tested in a clinical setting.
Key points
• Chronological age is widely used as a marker of frailty in clinical practice, however there can be wide variation between individuals of the same age and the ability of chronological age to distinguish the frailty of people within a narrow age range is limited.
• Grip strength is a powerful predictor of disability, morbidity and mortality and is used in many scores of frailty but its potential as a single marker of frailty is not known.
• Grip strength was associated with more markers of frailty than chronological age in men and women within a 10 year age range.
• Grip strength may prove a more useful single marker of frailty for older people of similar age than chronological age alone and its validity in a clinical setting needs to be tested.
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